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CHAPTER I
INTRODUCTION
“Then the goddess, grey-eyed Athene, spake unto him … Get thee first to Pylos
and inquire of goodly Nestor … And they came to the gathering and the session of the
men of Pylos. There was Nestor seated with his sons, and round him his company
making ready the feast …”1. Thus, Telemachus the son of Odysseus meets Nestor, and
Nestor enters literature as the king of Pylos. Perhaps Nestor was the wanax (king) at the
time of the destruction of the palace; perhaps Nestor was completely fictional.
Nevertheless, the Late Bronze Age palace at Pylos in the region of Messenia in the
southwest “corner” of the Peloponnese in western Greece is known as “The Palace of
Nestor”. (See Figure 1).
In the thirteenth century B.C., the two-story palace stood on the Epano Englianos
Ridge by the Selas River. It was frescoed and visible for miles around2, and was the
capital of a Mycenaean culture polity. The palace was excavated by Carl W. Blegen and
Marion Rawson. In the words of Professor Blegen,
“In almost every respect … the palace takes a worthy place alongside
those at Mycenae and Tiryns. Its size, planning, and quality of construction bespeak a lord and master of wealth and power, able to stand
as a peer beside Agamemnon and Diomedes. Greek tradition knows
no suitably qualified candidate for such a position in western Messenia
1
2

Homer: 9, 30.
Davis 1998: 53.

1

other than Nestor the son of Neleus.”3

The palatial buildings were destroyed by fire in the Late Helladic IIIB Period (ca.
1300-1200 B.C.). Pylos was the hub in a centralized trade and economic network, and
when the palace was destroyed, the entire network collapsed. All of Messenia was
affected by decline and depopulation. The palace was never rebuilt, and the city was
never resettled.4 (See Figure 2).
Excavations took place between 1939 and 1971, with an interlude for World War
II. During the first season of excavation, over six hundred sealings, tablets, and
fragments of tablets were collected5.
The megaron, or throne room, the archives rooms, the state apartments, the
storerooms, and workshops have all been covered since the excavations were completed.
A new cover was built over the palace in 2015-2016 to protect the surviving plaster, mud
brick, and stone. (See Figure 3). The palace is close to the modern village of Hora, home
of the museum that contains many of the finds from the palace.

3

Blegen, 1956:101.
Kramer-Hajos, 2016:185.
5
Davis and Shelmerdine, 2001: 4
4

2

Figure 1

Map of the Peloponnese

3

Figure 2

Diagram of the Palace of Nestor

By John Travlos.

4

Figure 3

The Palace of Nestor.

Archives Complex on the left, Megaron right background, cover. Photo by the author.

5

CHAPTER II
ARCHAEOLOGICAL BACKGROUND
The Tablets
In 1900, the archaeologist Arthur Evans began excavating in Crete. He happened
upon a Bronze Age site, discovering many clay tablets inscribed with an unknown form
of writing. Evans named the script Linear A, due to the simple outlines of the characters
on the tablets. During the excavation of the palace at Knossos, Evans found tablets
containing a script that he determined to be a later version of Linear A. This writing he
named Linear B.6 (See Figure 4).

6

Chadwick 2014:13

6

Figure 4

Linear B Syllabary.

Chadwick, 1987:24.
7

When Carl W. Blegen and Marion Rawson excavated the first tablets at Pylos,
they identified the script as Linear B. Linear B tablets have also been found at seven
other palace sites, among those Thebes, Tiryns, and Mycenae on the Greek mainland, but
not in the quantity and quality of preservation as those found at Pylos. Writing was not
widespread, and there is no trace of personal, non-bureaucratic use of writing in
Mycenaean Greece. The evidence points to writing as an administrative and economic
tool only. The Linear B tablets are almost without exception writings concerning tax
records, gifts to the gods, and lists of people, animals, and material products.7
The tablets are made of ordinary clay. Most are leaf-shaped, and normally
contain one or two lines of entry (See Figure 5). The leaf-shaped tablets were usually
prepared by rolling out a piece of clay and squashing it flat. Some of these show
evidence of being folded over. Many of the E series of leaf-shaped tablets were
apparently wrapped around a straw or piece of string. Each contains a hole longitudinally
through the middle of the tablet, as the straw has not survived (See Figure 6).
The size and format of the leaf-shaped tablets indicate they were generally used to
keep track of an individual transaction or disbursement (See Figure 7). Once inscribed
and left to dry, further writing becomes difficult. Enter the page-shaped tablets.
The page-shaped tablets contained multiple lines, lists, summaries, and
compilations, and were mostly found in the Archives Complex of the palace.8 These
large tablets could not have been inscribed until all the information from the smaller leaf-

7
8

Chadwick 1987:11
Palaima, 1985: 257-258.

8

shaped tablets was present at the time of writing.9 The page-shaped tablets appear to be
sized according to the amount of text intended to be written on them. Occasionally a
small group of tablets was preferred (e.g., the Ed series) rather than one large tablet. The
largest tablet is 16 x 27 cm (approximately 6 1/4” x 10 1/2”) and just over an inch thick.
Most page-shaped tablets are much smaller.10
A page tablet may be a complete document or part of a set. The “coastguard”
tablets of Pylos are a set of five tablets that comprise a single long document. Such
documents often begin with a heading, or title, of one to three lines of text. Blank lines
are sometimes inserted to break up the text into paragraphs.11 (See Figures 8, 9, 10, and
11).

9

Chadwick, 1976: 26.
Chadwick, 1976: 28-29.
11
Chadwick, 1976: 30.
10

9

Figure 5

Sa 797. Pylos Tablets Digital Project, courtesy of the University of
Cincinnati Department of Classics.

10

Figure 6

Pylos leaf-shaped tablets Mb 1387 and Xa 1388, verso sides. Notice the
folds.

Pylos tablet Eo 954 end view. Notice the longitudinal void. Photo by the author.

11

Figure 7

Leaf-shaped tablets. Notice the difference in sizes. Photo by the author.

12

Figure 8

Page-shaped tablets. Photo by the author.

13

Figure 9

Page-shaped tablet, pieced together from fragments. Photo by the author.

14

Figure 10

12
13

Page-shaped tablet Jn 829.12 13

Chadwick, 1987:36. Jn 829 lists sixteen geographical districts in the kingdom.
Shelmerdine, 2008:133. Nine principal centers were in the Hither Province; seven were in the Further.

15

Pylos Tablets Digital Project, courtesy of the University of Cincinnati Department of
Classics.

Figure 11

Page-shaped tablet. Ub 1318. Photo by the author.
It is important to note that the palace and its contents as discovered

represent a snapshot in time of one day in the life of the palace. The tablets and their
findspots were preserved quite by accident during the fire that consumed the palace.
There is the possibility that the Linear B records, in tablet form, served as temporary
archives, and information of higher importance, needed long-term, was transferred in ink
to parchment or papyrus.14 If so, those records did not survive the fire.

14

Palaima, 2011:116.

16

Over six hundred tablets and fragments of tablets were discovered in the Archives
Complex.15 Nearly 200 additional tablets were found in other areas of the palace, and
can be associated directly with the subjects they record. For instance, some of the Fr
series tablets were found in the oil storerooms, some of the series Wr wine sealings were
found in the Wine Magazine (Room 105), and some of the tablets pertaining to materials
for horse and chariot equipment were found in the Workshop areas (Rooms 92-99).
The Archives Complex consists of two rooms. Room 7 is approximately 4 meters
square. Room 7 was built over an earlier wall, which was covered with debris such as
fragments of ribbed pithoi and sherds of vessels of thinner fabric.16 Room 8 is
approximately 4 m x 2.9 m and contains clay benches on three sides (See Figure 12).
The texts contain wording of “this year”, “belonging to last year”, and note that a
certain class, often the bronzesmiths, “do not make their contribution”17, leading us to
believe that the tablets constitute the records of a single year. It is thought that common
practice was to repulp the clays from the tablets and reuse them.18 Perhaps this was not
done from year to year, but would occur as often as a tablet was considered out of date.
However, this practice would lead to a degree of homogeneity in the clays comprising the
tablets. I reject this, in part because as discussed later, my research has shown that there
are definite groupings in the chemical composition of the clays that make up the tablets.
In my opinion, large-scale repulping would create many chemical composition outliers.
The tablets were stored in baskets in the Archives Complex (AC). The baskets
were identified with labels, which were often blobs of clay impressed onto the wicker
15

Blegen, 1966:6.
Blegen, 1973:36.
17
Hooker, 1976:189.
18
Blegen, 1966:99, Hooker, 1980:35, Palaima, 1985:261.
16

17

baskets. Some of these have survived and are identifiable by the impressions of the
wicker basketry on the back (See Figure 13). Hinges have been found, indicating the
apparent use of boxes for storage. It is probable that the boxes and baskets were arranged
in shelves on the walls of the AC rooms.19

Figure 12

Archives Complex. Room 7 to the left, Room 8 to the right.

Note the clay benches in Room 8. Photo by the author.

19

Chadwick, 1976:18.

18

The Linear B tablets and sealings were not designed to undergo firing. Unlike
other ceramics and kylikes20 it is not expected that the tablets and sealings were subjected
to similar clay mix recipes, tempering, etc. that allowed for successful firing during
manufacture of the kylikes (See Figure 14).

20

Galaty, 1999:53-69.

19

Figure 13

Pylos label Wa 948, verso.

Note the wicker basket impressions. Photo from the Cambridge Linear B Archive.
Courtesy of the Department of Classics, University of Cincinnati.

20

Figure 14

Kylikes in the museum at Hora, originally found at the palace.

Photo by the author.
Sealings
A seal, usually stone or metal, represents an individual. The act of impressing the
seal into clay (a sealing) signifies the seal owner’s responsibility in a commercial or
personal transaction represented by the sealing.21 Almost two hundred sealings, labels,
and nodules were found at Pylos. Most were inscribed by known scribal hands.22 (See
Figure 15).

21
22

Younger, 2010:334.
Kyriakidis, 1996:202.

21

Figure 15

Inscribed sealings. Note the seal imprint under the inscription.

Photo by the author.
22

Mycenaean sealings and their function have merited much attention. Sealings are
the lowest level of administrative records, and are thought to have acted as labels or
security devices for material goods. The information transferred from the sealings onto
tablets is interesting, as is the information edited out or ignored. This is a key point in
analyzing record keeping at the palace.23
There are two types of sealings, briefly explained below:24
1. Two-hole hanging nodule. This type of sealing served primarily to secure
transported material goods, or to authorize the transport of goods. Most were
broken when found, thus indicating that the sealing had fulfilled its mission. (See
Figure 16).
2. Gable-shaped hanging nodule. These often showed a hole on two ends, indicating
they were formed around a string or cord.25 They were usually discovered intact,
meaning they were probably used as labels rather than as security. (See Figures
17, 18, and 19).
The 165 sealings found at Pylos are impressed with 114 different seals. Twentythree were inscribed by the scribal hands.26 One can say that a seal functioned as a PostIt note with a signature. It is argued that, in the case of open irregular string nodules,
sealings were a system of receipts.27 We can at least say that the seal impressions on the
sealings are intended to identify and certify an individual with responsibility of some
kind within the transaction covered by the sealing.

23

Palaima, 2000:222,225.
Pluta, 2011:165.
25
Blegen, 1959:134.
26
Pluta, 2011:188.
27
Flouda, 2010:57.
24

23

Figure 16

Broken sealings. Note the seal imprint.

Photo by the author.
24

Figure 17

Hanging nodule sealing, recto. Wr 1480. Photo by the author.

25

Figure 18

Same sealing, verso. Photo by the author.

26

Figure 19

End view of same sealing showing gable shape and hole that once contained
string. Photo by the author.

The person who applied the seal to the wet clay made the sealings. In some cases,
the seal may be in possession of a scribal hand, who is claiming responsibility by
acknowledging receipt of the secure material goods in question. With 114 different seals,
I would argue that not all these seals were borne by officials at the palace. I consider
sealings to be a high priority in this study. Of the three types of documents studied in this
thesis, sealings are the most likely to have been transported, and to have been fashioned
in any region of the Pylian polity.28 Therefore, I anticipate results that indicate that,

28

Pluta, 2015.

27

whereas the most prolific scribes were located at the palace, indicating centrality of
economic administration, sealings will indicate the movement of goods from the
hinterland to the palace in patterns that support mobilization or marketing economic
models, which are discussed in Chapter IX.
Linear B Writing
Linear B is a syllabary, with 87 symbols standing for syllables. In particular,
Linear B is an open-syllabic script that does not lend itself well to early spoken Greek, as
we know it. Linear B includes the use of dummy vowels and omits consonants at the end
of syllables.29 Writing was only used for official business in an economic setting. The
numbering system was simple, but adequate. Five-figure numbers have been recorded.
There was no sign for zero.30 Writing was done with a stylus – perhaps a sharpened stick
or a thorn attached to a stick.
There are four elements of the Linear B script.31
1. Syllabograms. A syllabogram is a symbol that represents a syllable, such as da,
ke, or wo. Syllabograms are strung together to create words, or used singly as
abbreviations or in conjunction with ideograms.
2. Logograms, more commonly referred to as ideograms. These are symbols for
objects such as horses, pithoi32, or wheeled chariots.
3. Weights and measures. Along with signs for weights, Linear B script contained
symbols for volumes of dry and liquid measure.
4. Numbering system. The numbering system included a series of horizontal lines,
vertical lines, circles, and a combination of lines and circles.

29

Pluta, 2011:vi
Chadwick, 1976: 32.
31
Hooker, 1980: 37-44.
32
A pithos is a large earthenware vessel. Pithoi is the plural.
30

28

Greek tradition says that Kadmos the Phoenician brought writing to the early
Mycenaeans.33 The origin of this legend is lost to us now. Garlan mentions briefly in
passing, “… this archaic Greek language introduced by Indo-European invaders at the
beginning of the second millennium.”34 A more plausible theory for the origin of Linear
B writing is that the Mycenaeans adopted writing from the Minoans by modifying Linear
A into Linear B such that the latter could represent Greek more efficiently. T. G.
Palaima35 is of the opinion that the ethnic Minoans themselves adapted Linear A to fit the
language that would become the written communication of the Mycenaean states.
Timing for the transition to Linear B was probably during the Late Helladic II period (ca
1500-1400 BC).
However, J. L. Melena writes, “The catalyst that prompted the EMERGENCE of
Linear B was probably the cultural contact of Mycenaeans and Minoans.” The date of
the emergence of the Linear B script should be ca. Late Helladic IIIA 2 – 1370/13601300 BC. A possibility is that Linear B could have been created on the mainland, taken
to Crete during the Mycenaean conquest, and brought back to the mainland. Another
possibility is that Linear B could have been adapted from Linear A on Crete, and then
brought to the mainland.36
Still another hypothesis is that the script was developed in Miletus on the eastern
shore of the Aegean. This site was settled by Minoans ca. 1800-1700 BC, and was
eventually occupied by a Mycenaean culture ca. 1390-1360 BC. Mycenaeans could have

33

Vermeule, 1964:239.
Garlan, 1988:25.
35
Palaima, 2011:115.
36
Melena, 2014:6.
34

29

absorbed use of the script from the Minoan scribes. At the time, Miletus may have been
the seat of Mycenaean power in Anatolia on the Hittite frontier.37
Helena Tomas notes that the differences in the Linear A and the Linear B sealing
systems have convinced her that Linear B could not have descended entirely from Linear
A. There is a link between Cretan Hieroglyphic and Linear B administration. This
similarity leads her to believe that Linear B originated on Crete under the influence of
Cretan Hieroglyphic, and not on the Greek mainland.38
Regardless of the time or point of origin of Linear B, a definite paleographic
similarity is clear39 among the Greek Mainland Linear B clay texts. Findings and
comparisons by these noted scholars suggest a unique source from which the script was
spread.
With the Pylos Linear B tablets being mostly lists of people and commodities,
nouns are much more common than verbs. However, a sufficient number of word forms
are preserved to show linguists that the Mycenaean language was an East Greek dialect,
having similarities with Classical Greek of Arcadia and Cyprus. The dialect of Arcadia
was probably already established in the Late Bronze Age. After the collapse of the
Mycenaean palace society, Mycenaean speakers may have taken the dialect to Cyprus.40
After years of preliminary study by Arthur Evans and the American classical
scholar Alice Kober, the Linear B script was partially deciphered in 1952 by Michael

37

Melena, 2014:7.
Tomas, 2017:60, 68.
39
Melena, 2014:6-7.
40
Shelmerdine, 2008a:14, 395-396.
38

30

Ventris, an English architect.41 As with many exciting revelations, there were doubters.
In 1959, Saul Levin wrote,
“ … Ventris’ phonetic values work for several of the Linear B characters, yielding
authentic words of Greek or some related language. But his phonetic values for the other
characters on the tablet produce no satisfactory sense. … The experiment that Ventris
proposed has really established just a small but precious part of his decipherment.
Confusion, not progress, comes from treating the rest as valid”.42
Indeed, even at the present, meanings of many of the ideograms are still unknown.
Apparently there was no intent to familiarize the Mycenaean population at large
with writing, and teaching the written language was probably passed on from one scribe
to another. The fact that the Linear B writing disappeared from use shortly after the
individual Mycenaean polities collapsed lends credibility to this thought.
The late thirteenth century BC Linear B script and the early Greek alphabetic
writing of the eighth century BC have no known point of contact. There are similarities
in the models, five vowels for instance, but no relationships between the writing systems
have been found. This is an apparent illiteracy interval of four hundred years.43
In 1876, Heinrich Schliemann, the phantom of early archaeology, swung down
from the balcony and attacked Mycenae. (How can we blame him or term this otherwise
- the science of archaeology at that time could hardly be described as “excavating”). He
may have been the first to discover Linear B had he known what to look for. The tablets
were dismissed as pieces of coarse pottery, which the early workers threw away as
common practice.44

41

Fox, 2013:xx
Levin, 1959:189-190.
43
Snodgrass, 1987:182.
44
Chadwick, 1987:11.
42

31

We now know, of course, that disposal of ceramic because it may not be
diagnostic is indefensible. All pottery changed through time, and therefore is potentially
diagnostic.45 Compared to minerals, pottery demonstrates behavioral and stylistic
information. For this reason, ceramics are of great interest to archaeologists.46
Scribes
The individuals who wrote on the tablets are generally termed “Scribes”, but were
almost certainly very learned individuals in the bureaucracy of the palace. These men
and/or women have been studied in detail. Many of these Scribes have been documented
by their handwriting. Often the Scribes specialized in one, or a few, classes of tablets.
The designation “hand” has been attached to individual tablets, and also to classes of
tablets.47
Hand (abbreviated as H) is the numbered terminology used to define the
individual to whom tablets have definitely been ascribed.
Stylus (abbreviated as S) is the numbered terminology given to the set of tablets
that have a coherent style, but that lack handwriting evidence to be designated as a
particular Hand.
Class (abbreviated as C) is the terminology given to a general class of writing
style. These are numbered i, ii, iii, and iv. 48
Linear B is stable, paleographically speaking, throughout its history.49 Once
developed, it had to be taught to future scribal hands. Kevin M. Pluta in his dissertation50
estimates that the palace at Pylos would require three new scribes per year to maintain the
45
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required number of scribes. Similarities in the Hands and classes of writing style offer
evidence for apprentices training under senior scribes.51
Many of the tablets contain palm prints of young children who made the tablets.52
Perhaps these were children of the Scribes and would later be taught the skill of writing.
They would be acquiring first-hand the art of writing, and would later become Scribes in
their own right.
The social status of the Scribes is not known. No tablet contains a known word
for “Scribe” or any known word for record keeping, and there are no signatures or seals
on any tablet. There are no records of Scribes, collectively or individually, receiving
allotments or allocations of food as do women, fullers, lyre-players, etc. There are
several possibilities:
•

Scribes were officials or relatively high-ranking persons.

•

Scribes acquired the skill of writing in the performance of their primary official
duties for which they were rewarded. Perhaps they did not perceive of themselves
as “scribes”.

•

Scribes were record keepers who took dictation from palatial officials, overseers,
etc.53

•

Scribes may have been traveling supervisors, inspectors, or tax collectors.

•

Scribes were active administrators and possibly members of the elite class.54
Thirty-three different scribes have been identified by their handwriting at Pylos.

Although the palace was fair-sized, it is doubtful that it could have accommodated thirtythree scribes at one time. According to Kevin Pluta,
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“Several scribes likely were not positioned at the palace itself, but were located at
sites throughout the kingdom, acting on behalf of the king”.55
Tablets written by eighteen scribal hands are found in the AC. Tablets from nine
are found only in the AC. Tablets written by the other nine scribes are also found in
other areas of the palace. The work of these more prolific scribes suggests movement to
and from the AC. They apparently moved throughout the palace as needed.56
Writing appears to have been used only for the purpose of economic
administration, and apparently nearly all that administration was palatial.57 We know
which industries and activities are of little direct interest to the administrators of the
economy, because little or no mention of these activities, such as utilitarian ceramic
pottery manufacture, are made in the Linear B tablets.58
Tablet Classifications and Numbering59
The Linear B tablets have been labeled by the excavators and subsequent scholars
in three different categories. Tablets were found in the ruins of the following palaces:
Eleusis

EL

Chania

KH

Knossos

KN

Mycenae

MY

Orchomenos OR
Pylos

PY

Thebes

TH

Tiryns

TI
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And in the last few years, tablets have been discovered at Iklaina and at Agios Vasilios in
Lakonia.60
The first part of the label designates the palace where the tablet was found. Study
of the inscriptions has allowed the tablets to be divided into classes according to the
subjects to which they pertain (first letter, upper case) and subdivided according to the
different arrangements of the contents (second letter, lower case). The lower case letter
indicates the subgroup. These subgroups a-m are attached to the leaf-shaped tablets, and
subgroups n-z are attached to the page-shaped tablets.61 Each tablet is numbered in the
order in which it was unearthed.
The following classes for the tablets found at Pylos have been designated:
Personnel tablets:

Aa, Ab, Ac, Ad, Ae, An, Aq

Tablets concerning livestock:

Cc, Cn, Cr

Tablets concerning grain:

Ea, Eb, Ed, En, Eo, Ep, Eq, Er, Es

Tablets concerning olive oil:

Fr

Tablets concerning metals:

Ja, Jn, Jo

Tablets concerning cloth:

La

Tablets showing miscellaneous assessments or allocations:
Ma, Mb, Mn, Na, Ng, Nn, Ob, On, Pa, Pn, Qa
Chariot and armor tablets:

Sa, Sh

Utensil tablets:

Ta, Tn

Miscellaneous provisions tablets:

Ua, Ub, Un

Tablets providing lists and containing no ideograms:
Labels:

Wa

Sealings:

Wr

Fragmentary tablets:

Xa, Xn

60
61

M. L. Galaty, personal communication, 2017.
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Va, Vn

Therefore, for instance, the tablet labeled PY Cn 3 is a page-shaped tablet that
was found at Pylos and concerns livestock. This was the third tablet discovered at Pylos.
Over the years, certain of the tablets have been reclassified into different series as
their meanings have become clearer. For instance, many of the X series tablets have been
placed into a series as a syllabogram or ideogram has been recognized on the tablet. One
reason is enhanced methods of photography that have been utilized.62
In the 1950s, the tablets were just recently deciphered, and in general scholars
were trying to make sense of the writing and trying to place the tablets into intelligible
classifications. Originally, series F was reserved for tablets primarily concerned with dry
measured quantities. Wheat got its own series. Then series G was set aside for liquid
measured quantities. (Where does one place the tablet 1198, concerning a closely related
commodity “unguent”?) To add to the confusion, oil had previously been placed in series
F. This convention, as fractured as it was, was not followed as the Knossos tablets were
classified.63 The one constant is the tablet number.

62
63

See Kevin Pluta, James Newhard, Dimitri Nakassis, in progress.
Bennett, 1958:10.

36

CHAPTER III
RESEARCH DESIGN
The collection of over a thousand clay tablets, sealings, and labels from the Palace
of Nestor has been made available for academic research. These tablets and the writing
on the tablets have been studied in detail over the years. The findspots of many have
been identified and published.64 Scribal hands have been documented.65 A project is
underway to characterize the fabric of the tablets.66 However, the chemical composition
of the clays comprising the tablets has never been studied.
There are numerous methods for chemically analyzing clays and ceramic sherds.
However, these traditional methods often require part of the artifact to be destroyed,
which, aside from being undesirable in its own right for the sake of artifact preservation,
is expressly forbidden by most institutions harboring the artifacts.
Although portable X-Ray fluorescence spectrometry (pXRF) technology is not
new, its use in the field of archaeology has not been widespread in the past.67 However,
pXRF use is gaining in popularity, and an increasing number of papers are being
published describing its application, particularly to ceramics.68 This technology is nondestructive; therefore its use is desirable and is permissible for making determinations of
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chemical composition of artifacts, such as the Linear B tablets and sealings discovered at
the Palace of Nestor.
Characterizing the clays making up the Linear B tablets and sealings from Pylos
has never before been attempted. Knowing the chemical composition of the tablets and
sealings is expected to open the door to new areas of research that have never before been
possible. For instance, what can we learn about palace bureaucracy, trade, and the
economy by determining the chemical composition of the tablets and sealings, and
making comparisons among them?
This thesis will test the following hypotheses related to the palatial administration
of the regional economy:
1.

Page-shaped tablets are chemically similar, indicating they were produced
in a central location presumably from clay sourced near the palace.
Therefore, the Archives Complex was functionally the economic center of
the regional polity.

2.

Sealings demonstrate several different chemical composition groups,
meaning they were made from a variety of clays. This indicates that the
sealings traveled with raw materials or finished goods to the palace from
the Further Province or from locations outside the palace.

3.

Leaf-shaped tablets demonstrate several different chemical composition
groups, meaning they were made from a variety of clays. This also
indicates that the leaf-shaped tablets traveled with raw materials or
finished goods to the palace from the Further Province or from locations
outside the palace.
If either 2 or 3 above are true, this confirms that scribes at times operated
outside the palace.
38

CHAPTER IV
DESCRIPTION OF METHODS AND PROCEDURES
pXRF
The Cobb Institute owns a Bruker Tracer III-SD portable X-Ray Fluorescence
spectrometer. I used this at the National Archaeological Museum in Athens, Greece
during the summers of 2015 and 2016 to analyze the Linear B tablets and sealings housed
there (See Figure 20).

Figure 20

The author at work in the museum.

Photo by J. Gulizio.
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The pXRF can be calibrated for several different types of materials. Two
different calibrations can be used for these clay tablet and sealing analyses. For the
“light” elements (Mg, Al, Si, P, S, K, Ca, Ba, Ti, V, Cr, Mn, and Fe), the calibration is
selected internally in the analyzer software. The vacuum pump is used, and no filter is
used. For the “heavy” elements (Ca, Ba, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Th, Rb, Sr, Y, Zr,
Nb, and Mo), again the calibration is selected internally in the analyzer software. The
vacuum pump is not used, and the yellow filter is inserted into the analyzer head.
The above “light” and “heavy” element calibrations are a subset of the “Mudrock”
calibration that has been developed by the manufacturer of the pXRF. This calibration is
used specifically for clays, sherds, and soils, and is a staple for archaeologists.
Each sample is placed on the analyzer head, taking care to, as completely as
possible, cover the analyzer eye. An analysis is taken over the course of 120 seconds.
The instrument is connected to a computer with proprietary software that is particular to
each spectrometer.
Internal software deconstructs the spectrum output into a series of values that is
indicative of the amount present of each of the above elements. This is purely an
elemental analysis; no amount of reacted oxides, halides, salts, etc. is taken into
consideration. The instrument output is in the form of a series of spectral peaks – one for
each element. The spectral peaks are considered “relative intensities” expressed in countrates per channel. Each peak is an accumulation of these count-rates and can be roughly
quantified in relation to the count-rate as a whole. The number of count-rates for each
element of one sample is considered relative to the number of count-rates for each
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element of a different sample or set of samples.69 The outputs are not measures of ppm
or percentages of the elements in the samples. In order to compare chemical
compositions of different samples, it is necessary to use the same pXRF instrument for all
samples to be compared. (See Figure 21).

Figure 21

PXRF in use at the museum. PXRF Spectrum on the computer screen,
pXRF analyzing leaf tablet in center. Vacuum pump in use at lower left,
tray at top center containing tablets at the National Archaeological Museum
in Athens. Photo by the author.

Dr. Michael Galaty has collected samples of clay from kaolinite beds and marl
and illitic soils, all from the vicinity of the Palace of Nestor and from various locations
69
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throughout Messenia. These, along with many sherd samples, were analyzed by weak
acid extraction ICP spectroscopy.70 A collection of these clay samples was also analyzed
by pXRF for this study. However, this is a source of uncertainty – are today’s clays the
same as they were 3000 years ago?71
Fundamental in clay/tablet sourcing is developing chemical compositional groups,
such as I am doing with the hierarchical analyses. Such groups exist if the tablet makers
used local clay sources preferentially instead of using multiple clay sources randomly or
uniformly, and if chemical variation in the clay sources is geographically and uniquely
patterned.72
Statistical Software Packages
The data output from the pXRF software are placed in an Excel spreadsheet.
Spreadsheets ease the transition into analysis via statistical software. SPSS statistical
software was used to test the data for normal distribution, which is always the first step in
data analysis. JMP software by SAS is my preferred tool for analyzing the data.
Individual hierarchical cluster analyses (dendrograms), principle components analyses,
and discriminant function analyses are run on the data.
First, it must be noted that the groupings within a statistical (hierarchical cluster)
analysis denote arrangement in the phenomenological realm. Grouping is defined as the
creation of units of things, or groups. Grouping is phenomenological, where phenomena
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are described, as compared to classification, which is ideational, where ideas are
defined.73
Hierarchical cluster analysis using only the chemical signatures of the tablets and
sealings provides separate groupings of chemically similar clays. Each group of similar
clay may, as expected, tell us that the tablets and sealings in that grouping were made at a
specific location using a unique clay. Therefore, the cluster analyses help answer the
questions posed by my hypotheses. Following that line of thought, apparent outliers, or
very small groups, may be indications of the extent of trade relationships or other
economic activities.
JMP Hierarchical Cluster Analyses have a default to groupings at a certain level.
This level can be adjusted. The correct level is that at which a Discriminant Function
Analysis shows the fewest number of misclassified samples. I adjusted this level on each
dendrogram, and found that the default level was the correct number of groupings.
Principle components analysis answers the question, “Why are there clusters?”
The answer is because of the well-defined differences in chemical composition of the
clays that make up the tablets.
The discriminant function analysis answers the question, “Are the clusters
meaningful?” Each chart shows the number of misclassified samples. The lower the
number, the better the analysis is with regard to accuracy in the hierarchy.
Data Collection
Many of the individual tablet analyses and all available sealing analyses were
requested by the on-site project director. There were reasons for this. For example, some
73
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of the tablets were found in the throne room (megaron) and appear to be older than
tablets found in the Archives Complex.74 There are tablet classes that record very similar
information by different scribal hands. There are tablets that are similar but were found
in different rooms of the palace. So far, these relationships are not understood. Clay
sourcing may help us understand the nature of these relationships. It will be enlightening
to try to find relationships between sealings and tablet series using chemical analysis. All
available sealings and tablets were analyzed over the two summers. Data collection was
completed by the end of July 2016.

Data Collation
A spreadsheet containing only the pXRF data allows a hierarchical cluster and a
principle component analysis to be completed. This fulfills the goal of separating the
clays into groupings.
Building a complete library spreadsheet with several hundred sets of analytical
data, and adding findspots, classes, and scribal hands is a very daunting task, but doable.
One problem is accounting for missing data. For instance, the chemical data, class, and
scribal hand for one very important tablet may be available, but not the findspot.
Not yet available in finished format are the fabric data. That part of the project
will hopefully be completed in late 2017.75 Gulizio and Hruby are entering these fabric
data into a spreadsheet under several grouping categories. Among others, their questions
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are: is the clay tablet made from illitic, marl, or kaolinitic clay? Has the clay been
levigated? Is tempering present, and if so, of what material does it consist? Are the clays
sandy, coarse, or smooth? Are there inclusions, and how large are they? Obviously,
these are variables that could affect the outcome of chemical analysis.
Data from this project, along with the fabric data, will be entered into the database
for the Pylos Regional Archaeological Project.76 Fabric data, when combined with the
chemical composition data, can help us answer the following:
•
•
•
•

Can it be determined if types of clay were mixed?
Were tablet and sealing clays levigated, and if so, do levigated clays have
different chemistry than non-levigated clays?
Does clay of one chemical composition group have identical or dissimilar fabric?
Can differences be traced to the scribal hands?

76

Davis, 2008:xxxvi. PRAP is a consortium of archaeologists, natural scientists, historians, and art
historians brought together to study the history of the Pylos site and its landscape throughout all times in
the past.
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CHAPTER V
HYPOTHESIS I
Page-shaped tablets are chemically similar, indicating they were made in
location(s) within close proximity to each other. A high proportion of the tablets found in
the Archives Complex are page-shaped tablets. Therefore, the Archives Complex was
functionally the economic center of the kingdom.
Data Analysis of the Page-Shaped Tablets
The page-shaped tablets were analyzed as a group using JMP software. First, a
hierarchical cluster analysis was run for the purpose of determining if there are distinct
groupings. (See Figure 22). Five groupings are apparent. This does not include two
groupings that were populated with only one sample.77 Next, a principal components
analysis was run to determine why there are groupings. (See Figure 23). Thirty-eight
percent of the variation appears to be the relationship between Magnesium and
Aluminum/Chromium. Another 17% of the variation is the relationship between Calcium
and Barium. Last, a discriminant analysis was run to allow me to determine whether or
not the clusters are meaningful. (See Figure 24). Out of 199 samples, 12, or 6.0%, were
misclassified. This indicates strongly that the clusters are indeed meaningful, and I
conclude the following:
77

The groupings that are populated with only one sample are statistically too small for consideration here.
These may actually be representative of a discrete clay source, or they may be outliers due to analytical
error, trade, or any number of other cultural reasons for clay or tablet travel.
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1.

The page-shaped tablets were more than likely formed from the clays from
five separate sources.

2.

Five separate clay sources is a higher number than the one to two that I
expected, and appears to indicate that the clays are not chemically similar.
This would mean that Hypothesis I is not true. However, the data from
Hypotheses II and III demonstrate many diverse sources of clay.
Therefore, the relatively small number of clay sources of the page-shaped
tablets actually supports Hypothesis I.

3.

Although there is no independent chemical evidence to allow me to
determine that the clays were sourced locally and the tablets were made
locally, this relatively low number of clay sources indicates that the pageshaped tablets were not made from clays sourced from many widespread
areas.

4.

My research supports Hypothesis I.
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Figure 22

Hierarchical Cluster of the Page-shaped tablets.
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Figure 23

Principal Components Analysis of the page-shaped tablets.
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Figure 24

Discriminant Function Analysis of the page-shaped tablets.
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Discussion
Most of the tablets were found in the AC. Nearly two hundred tablets were found
elsewhere in the palace, often in locations associated with specific material goods. For
example, tablets and sealings concerning oil were found in storerooms (Rooms 23 and 24
and one room on the floor above) containing large oil storage pithoi and other smaller
transport vessels. Tablets and sealings concerning wine were found in the Wine
Magazine (Room 105). The size and writing on these leaf-shaped tablets and sealings
indicated they were designed to record individual transactions, deliveries, disbursements,
and work in progress. See tablet series Ac, Ae, Cc, Fr, La, Mb, Ob, Qa, Ua, and Va.
These were presumably on their way to join other like tablets and sealings in the AC.78
Information on these sealings and leaf-shaped tablets was transferred to the page-shaped
tablets. See tablet series An, Aq, Cn for lists; see tablet series En and Ep for
compilations; see tablet series Ja and Ng for totals; see tablet series Er for summaries –
all found in the AC.79
Tablet textual and findspot information tell us that the AC was the functioning
economic center of the palace, and therefore of the regional polity. Study of the chemical
analysis of the page-shaped tablets drives me to the same conclusion.
Page-Shaped Tablet Data Analysis Including Modern Clay
Sample Chemical Analyses
PXRF analysis was completed on thirty-six modern clay samples from the
Peloponnese and five ceramic sherd samples from the Peloponnese corresponding
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chronologically to the Linear B tablets. These were included into the pXRF data of the
page-shaped tablets and again analyzed statistically, resulting in nine clusters (See Table
1).
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Figure 25

Hierarchical cluster of the page-shaped tablets and modern clays
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Figure 26

Principal components analysis of the page-shaped tablets and modern

clays
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Figure 27

Discriminant function analysis of page-shaped tablets and modern clays
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The clusters and their makeup are listed below:
1.

Sixty-two pages, five of which were misclassified (Mn228, Ep301,
An661, Jn845, and Vn879).

2.

Four clays.

3.

One clay.

4.

One page, thirteen clays, and four sherds. The page (Cn3) was
misclassified.

5.

One page and three clays.

6.

Forty-two pages, one of which was misclassified (Vn1339e).

7.

Sixty-six pages, seven of which were misclassified (Mn456, Cn719,
Cr868b, Fn918, Mn1412, Vn1339f, Fn837a).

8.

Four pages, nine clays, and one sherd.

9.

Six clays.

Only three of the above cluster groupings contain both tablet and clay samples.
Two groupings were of such relatively small sample size that a match could hardly be
termed statistically conclusive. However, cluster #8 above shows promise, so we shall
investigate further.
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The four page-shaped tablets are:
Aq218
Jn413
Jn431
Er880

The clays are:
RSM
POSI A41
POSI I41
MAR1
KI1
MOU

Red Schist Margeli
#1
Sandstone
Margeli “Glina”
Sample KI #1
Mouriatadha80

The ceramic sherd sample is:
Mg17

GRM 216

B7 Englianos

GS 21209

Kylix

Upon running a hierarchical cluster of all clays and ceramic sherd samples only,
all the above clay and sherd samples fell into one cluster grouping. The two Jn tablets are
alike in hand, findspot, and subject, but differ from the others in those respects. There
does not appear to be a common thread in the four tablets.
Therefore, due to the small sample size of cluster #8, it is likely, but it cannot be
stated conclusively that the four page-shaped tablets above were made from one or more
of the clays that aligned with the tablets.

80

The MOU sample was analyzed four times, and clustered very closely together.
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Table 1

Page-Shaped Tablets and Clays That Cluster Together

CLUSTER

PAGES
TOTAL NUMBER

CLAY

SHERDS

%

NUMBER

%

NUMBER

%

TOTAL TOTAL

1

RED

62

62

100.0%

0

0.0%

0

0.0%

62

100.0%

2

GREEN

4

0

0.0%

4

100.0%

0

0.0%

4

100.0%

3

BLUE

1

0

0.0%

1

100.0%

0

0.0%

1

100.0%

4

ORANGE

18

1

5.6%

13

72.2%

4

22.2%

18

100.0%

5

TEAL

4

1

25.0%

3

75.0%

0

0.0%

4

100.0%

6

PURPLE

42

42

100.0%

0

0.0%

0

0.0%

42

100.0%

7

YELLOW

66

66

100.0%

0

0.0%

0

0.0%

66

100.0%

8

TEAL

14

4

28.6%

9

64.3%

1

7.1%

14

100.0%

6

0

0.0%

6

100.0%

0

0.0%

6

100.0%

9 MAGENTA

176

36

58

5
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CHAPTER VI
HYPOTHESIS II
Sealings can be divided into groupings that are chemically dissimilar, indicating
they were made in many diverse locations. Therefore, sealings originated away from the
palace and accompanied material goods from their point of origin to the palace.
Data analysis of the Sealings
The sealings were analyzed as a group using JMP software. First, a hierarchical
cluster analysis was run, and the software identified fourteen groupings. (See Figure 25).
The high relative number of groupings is encouraging in that the hypothesis above is
supported, at least on a preliminary basis until all statistical operations are performed.
Two of the groupings above were only populated with one sample. This is
considered to be significant because of the high number of small groupings compared to
that of the page-shaped tablets in Hypothesis I. As a caveat, however, these single
sample results can be outliers, results of trade, errors in the process of analysis for this
project, possible clay repulping,81 or any number of other reasons not related to this
hypothesis. But for the present, all sample results are included in my analysis.
Next, a principal components analysis was run to determine why there are
groupings. (See Figure 26). Forty percent of the variation appears to be the relationship

81

All my analyses are made on the assumption of clay purity and uniqueness.
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between Sulfur and Titanium/Phosphorus/Chromium. Another 19% of the variation is
the relationship between Calcium and Barium.
Last, a discriminant analysis was run to allow me to determine whether or not the
clusters are meaningful. (See Figure 27). Out of 161 samples, only 10, or 6.2% were
misclassified. The two outliers skew the chart and show the other twelve groupings all in
one “pile”. So for the sake of clarity, I excluded the two outliers, and ran the
discriminant analysis again. (See Figure 28). The groupings are still relatively close and
not distinguishable in appearance, but the software found distinct chemical differences
and has placed them in separate unique clusters.
The low number of misclassified samples indicates strongly that the clusters are
meaningful, and I conclude the following:
1. The sealings are more than likely formed from the clays from as many as fourteen
separate sources.
2. This high number of clay sources indicates that the sealings were made from clays
sourced from widespread areas.
3. The sealings, all found inside the palace, were made in locations away from the
palace and transported with material goods to the palace.
4. My research supports Hypothesis II.
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Figure 28

Hierarchical Cluster of the sealings.
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Figure 29

Principal Components Analysis of the sealings.
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Figure 30

Discriminant Function Analysis of the sealings.
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Figure 31

Discriminant Function Analysis of the sealings, excluding two outliers.
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Discussion
J. G. Younger writes in 2010,
“In the Palatial period (LH III), Mycenaean administrators preferred to write their
transactions out in full. When doing so was inconvenient (the sealing was too small, the
transaction too complicated, or the participants were illiterate), then the personal seals of
those responsible for conducting the transactions would be used in place of naming them.
It is therefore probable that most Mycenaean sealings are delivery sealings to the palace
(or palatial workshops outside the palace) accompanying commodities being furnished by
persons in the outlying regions.”82

Hypothesis II confirms Younger’s writing above. However, in the same paper,
Younger appears to contradict himself.
“Also within the palace, seal impressions were usually not necessary (the parties were
well known), and few sealings (impressed or inscribed or both) are actually found in the
Mycenaean palaces. We should imagine, therefore, that most sealings traveled out from
the palaces to the outlying production centers accompanying raw goods to be finished.” 83

No sealings have as of yet been found in the outlying areas where utilitarian
ceramic pottery was produced, bronze smelting was done, or oil and wine were produced.
Analysis of the chemical composition of the sealings demonstrates that the sealings were
made from a variety of clay sources. It is my opinion, based on scientific data, that
sealings traveled to the palace from outlying areas where material goods originated and
were sent to the palace either as raw materials, work in progress, taxes, or gifts to the
gods.

82
83

Younger, 2010:337.
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Sealings Data Analysis Including Modern Clay Sample
Chemical Analyses
As with the page-shaped tablet data in Hypothesis 1, modern clay data and
contemporary sherd data were compared to sealing chemical data. A hierarchical cluster
analysis (See Figure 29) resulted in fourteen clusters, which are listed below:
1.

41 sealings, 4 of which were misclassified (Wr1415, 8474, 8477, 8512).

2.

1 sealing, 1 clay.

3.

30 sealings.

4.

32 sealings, 4 of which were misclassified (8472, 10176, 8506alpha,
8520). 1 clay, which was misclassified (ROM1).

5.

2 sealings, 1 of which was misclassified (8540). 1 clay.

6.

1 clay.

7.

28 sealings, 5 of which were misclassified (8492, 8424zeta, 8553, 8527,
8524iotagamma).

8.

11 sealings, 1 of which was misclassified (8541epsilon). 1 clay. 1sherd,
which was misclassified (MG14a).

9.

15 sealings.

10.

13 clays. 3 sherds.

11.

4 clays.

12.

5 clays.

13.

5 clays.

14.

3 clays.

Only clusters 2 and 8 contain both sealings and clay. Only one clay showed up in
both, so it is concluded that there is an insufficient number of data points here to attempt
to locate sealings according to modern day clay beds.
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There are 160 sealings in the above analysis. Three duplicates clustered adjacent
to each other and were excluded. This is another corroboration of the reliability of the
analytical method used.

Table 2

Sealings, Clays, and Sherds that cluster together

CLUSTER

SEALINGS

CLAY

SHERDS

NUMBER

%

NUMBER

%

NUMBER

%

TOTAL

TOTAL

1

RED

41

100.0%

0

0.0%

0

0.0%

41

100.0%

2

GREEN

1

50.0%

1

50.0%

0

0.0%

2

100.0%

3

BLUE

30

100.0%

0

0.0%

0

0.0%

30

100.0%

4

ORANGE

32

97.0%

1

3.0%

0

0.0%

33

100.0%

5

TEAL

2

50.0%

2

50.0%

0

0.0%

4

100.0%

6

PURPLE

0

0.0%

1

100.0%

0

0.0%

1

100.0%

7

YELLOW

28

100.0%

0

0.0%

0

0.0%

28

100.0%

8

BLUE

11

78.6%

1

7.1%

2

14.3%

14

100.0%

9

MAGENTA

15

100.0%

0

0.0%

0

0.0%

15

100.0%

10

ARMY GREEN

0

0.0%

13

81.3%

3

18.8%

16

100.0%

11

BLUE

0

0.0%

4

100.0%

0

0.0%

4

100.0%

12

MAGENTA

0

0.0%

5

100.0%

0

0.0%

5

100.0%

13

GREEN

0

0.0%

5

100.0%

0

0.0%

5

100.0%

14

BLUE-GREEN

0

0.0%

3

100.0%

0

0.0%

3

100.0%

160

36

5

67

201

Figure 32

Hierarchical Cluster Analysis of sealings, clays, and sherds.
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CHAPTER VII
HYPOTHESIS III
The leaf-shaped tablets can be divided into groupings that are chemically
dissimilar, indicating they were made in many diverse locations. Therefore, (a) leafshaped tablets originated away from the palace and (b) accompanied material goods AND
sealings from their point of origin to the palace.
Data Analysis of the Leaf-Shaped Tablets
The leaf-shaped tablets were analyzed as a group using JMP software. First, a
hierarchical cluster analysis was run, and the software identified twenty groupings. (See
Figure 30). The high relative number of groupings is encouraging in that the hypothesis
above is supported, at least on a preliminary basis until all statistical operations are
performed. As with the sealings analysis in Hypothesis II, two of the groupings were
only populated with one sample. The same caveat applies.
A principal components analysis was run to determine why there are groupings.
(See Figure 31). 31% of the variation appears to be the relationship between Magnesium
and Aluminum. Another 17% of the variation is the relationship between Calcium and
Barium. Aside from the Component 2 relationship between Ca and Ba, which is the
same for page-shaped, sealings, and leaf-shaped, the three categories of Linear B
documents are diversified in chemical make-up. In other words, the Component 1
relationships for all three are different.
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Next, a discriminant analysis was run to allow me to determine whether or not the
clusters are meaningful. Out of 715 samples, 89, or 12.4% were misclassified. As I did
in the sealings analysis, I excluded one outlier and reran the discriminant analysis for
visual clarity. (See Figure 32). The percentage of misclassified samples is higher than
that for page-shaped tablets in Hypothesis I and for sealings in Hypothesis II, but still
relatively low. I consider the clusters identified in the hierarchical analysis to be
meaningful, and conclude the following concerning the leaf-shaped tablets and the first
part of Hypothesis III:
1.

The leaf tablets are more than likely formed from the clays from as many
as eighteen to twenty separate sources.

2.

This high number of clay sources indicates that the tablets were made
from clays sourced from widespread areas.

3.

The leaf tablets, all found inside the palace, were made in locations away
from the palace and transported with material goods to the palace.

4.

My research supports part (a) of Hypothesis III. Note these conclusions
are very similar to those of Hypothesis II concerning sealings.
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Figure 33

Hierarchical cluster of leaf-shaped tablets.
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Figure 34

Principal Components Analysis of leaf-shaped tablets.
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Figure 35

Discriminant Function Analysis of leaf-shaped tablets.

One sample was excluded for clarity.
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Discussion
Next, the relationship between the leaf-shaped tablets and the sealings is
investigated. A hierarchical cluster analysis was run, which resulted in twenty groupings.
The table below lists the grouping number, the number of leaf-shaped tablets in that
grouping, and the number of sealings in that grouping. Based on the pXRF analysis, it is
considered likely that the leaf-shaped tablets and the sealings that are in the same
grouping were fashioned from clay from the same source.

Table 3

Sealings and Leaf-Shaped Tablets That Cluster Together.
CLUSTER

LEAFS

SEALINGS

NUMBER

%

NUMBER

%

TOTAL

1

RED

68

69.4%

30

30.6%

98

2

GREEN

62

68.9%

28

31.1%

90

3

BLUE

43

79.6%

11

20.4%

54

4

ORANGE

0

0.0%

1

100.0%

1

5

TEAL

25

49.0%

26

51.0%

51

6

PURPLE

15

93.8%

1

6.3%

16

7

YELLOW

4

66.7%

2

33.3%

6

8

TEAL

1

100.0%

0

0.0%

1

9

MAGENTA

14

73.7%

5

26.3%

19

10

GREEN

5

100.0%

0

0.0%

5

11

BLUE

72

88.9%

9

11.1%

81

12

HOT PINK

60

90.9%

6

9.1%

66

13

ARMY GREEN

68

88.3%

9

11.7%

77

14

BLUE GREEN

40

80.0%

10

20.0%

50

15

NAVY BLUE

53

100.0%

0

0.0%

53

16

PURPLE

29

96.7%

1

3.3%

30

17

ORANGE

1

100.0%

0

0.0%

1

18

GREEN

56

86.2%

9

13.8%

65

19

TEAL

63

94.0%

4

6.0%

67

20

GRAY

38

88.4%

5

11.6%

43

717

82.0%

157

18.0%

874
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From Table 2 above, it is demonstrated that 82% of the combined sealings and
leaf-shaped tablets are the leaf-shaped tablets. Any cluster that is of an appreciable
number, that is, not very small or a possible outlier, and has a leaf:sealing ratio very
different than 82:18, is a very good possible candidate for a type of clay (location) from
which sealings and leaf-shaped tablets were made. Clusters 4, 8, 10, and 17 do not
contain both sealings and leaf-shaped tablets, so these clusters are not to be considered.
Clusters 1, 2, and 5 are the best possibilities for further investigation. These
clusters contain an above-average number of sealings. The possibility exists that a
number of the leaf-shaped tablets and sealings arrived at the palace together along with a
consignment of material goods. Even so, as long as any number of leaf-shaped tablets
and sealings can be identified with each other chemically, there is the likelihood that they
originated from identical clay sources. The possibility of sixteen to twenty scribes
operating away from the palace cannot be discounted.
Therefore, I conclude that part (b) of Hypothesis III is supported.

Table 3 below was put together with a similar premise in mind. A hierarchical
cluster of leaf-shaped tablets, clays, and sherds was done to determine if the leaf-shaped
tablets would match with sherds and modern clay samples. Only three clusters were
populated with both clays and tablets. This demonstrates that a few of the tablets were
most likely made from clay sources that are still in place. However, many clay sources
could have been in use three thousand years ago, and many clay sources could be extant
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and not sampled for comparison. Also, clay beds can run long distances underground and
be exposed in various locations.84 So Table 3 is by no means complete.

Table 4

Leaf-Shaped Tablets, Clays, and Sherds That Cluster Together

CLUSTER

LEAFS

CLAY

SHERDS

NUMBER

%

NUMBER

%

NUMBER

%

TOTAL TOTAL

1

RED

0

0.0%

6

100.0%

0

0.0%

6

100.0%

2

GREEN

0

0.0%

4

100.0%

0

0.0%

4

100.0%

3

BLUE

10

71.4%

3

21.4%

1

7.1%

14

100.0%

4

ORANGE

7

77.8%

2

22.2%

0

0.0%

9

100.0%

5

TEAL

0

0.0%

13

76.5%

4

23.5%

17

100.0%

6

PURPLE

73

100.0%

0

0.0%

0

0.0%

73

100.0%

7

YELLOW

64

100.0%

0

0.0%

0

0.0%

64

100.0%

8

TEAL

64

100.0%

0

0.0%

0

0.0%

64

100.0%

9

MAGENTA

82

100.0%

0

0.0%

0

0.0%

82

100.0%

10

GREEN

46

100.0%

0

0.0%

0

0.0%

46

100.0%

11

BLUE

26

100.0%

0

0.0%

0

0.0%

26

100.0%

12

HOT PINK

155

100.0%

0

0.0%

0

0.0%

155

100.0%

13

ARMY GREEN

0

0.0%

4

100.0%

0

0.0%

4

100.0%

14

BLUE GREEN

21

100.0%

0

0.0%

0

0.0%

21

100.0%

15

NAVY BLUE

0

0.0%

1

100.0%

0

0.0%

1

100.0%

16

PURPLE

103

100.0%

0

0.0%

0

0.0%

103

100.0%

17

ORANGE

84

100.0%

0

0.0%

0

0.0%

84

100.0%

18

GREEN

1

100.0%

0

0.0%

0

0.0%

1

100.0%

19

TEAL

1

50.0%

1

50.0%

0

0.0%

2

100.0%

20

GRAY

0

0.0%

2

100.0%

0

0.0%

2

100.0%

737

36

5

778

I have an insufficient number of data points to attempt to locate sealings and leafshaped tablets based on modern day clay beds.85

84

Galaty, 2017. Personal communication.
Galaty, 2014, while using ICP-MS, was unable to match ceramic sherds with clay sources in Messenia.
The level of clay preparation may not allow provenance to be determined. However, a further clay
sampling project is underway.
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CHAPTER VIII
DISCUSSION
In an attempt to bring further support to Hypotheses II and III, another
hierarchical cluster was developed that included chemical analysis data and tablet series.
The dendrogram included over a thousand samples, which included all the leaf-shaped
tablets and sealings, and found twenty groupings. Then I built a spreadsheet that
separated each grouping into sealings and tablets of each series, which was no small
undertaking. The purpose was to look for a definite relationship between sealings and
leaf-shaped tablets of a particular series, in order to test whether particular sealings could
be linked to material goods. Graphs were plotted comparing the number of sealings of a
grouping against the number of tablets of a particular series (grain, assessments and

ASSESSMENTS OR ALLOTMENTS

allotments, and even personnel) of that grouping. A relationship could not be seen.

ASSESSMENTS OR ALLOTMENTS vs
SEALINGS

30
25
20
15
10
5
0
0

10

20
SEALINGS

77

30

40

Figure 36

Example of Tablet Series vs Sealings Plot. These were not

particularly meaningful, so no more are included. See Table 5.

Table 5

Series Details

See Supplemental File 1
Supplemental File 1 was produced from a hierarchical cluster analysis of all
sealings and tablets that I analyzed over the two summers in Athens. Over a thousand
samples are entered into the spreadsheet. Each cluster that the software identified is
separated by sealing and tablet series.

Going a step further, Scribal Hand data were added to the complete data
spreadsheet86. The intent was to test whether some number of the scribes operated away
from the palace, made sealings and leaf-shaped tablets, and forwarded those with material
goods on their way to the palace. If this hypothesis were true, a hierarchical analysis
would show a high number of tablets by one scribal hand together, and probably in one
grouping only.
The resulting table (See Table 6 – Supplemental File 2) gives conflicting
information. For instance, out of the 37 entries87 in Cluster #8, Hand 23 wrote 27. This
is a high percentage and indicates that H23 may have operated outside the palace in an
administrative position in a particular geographical area. However, five other tablets
were written by four other scribes within that same cluster. Either H23 was not alone in

86
87

Judson, et al, 2015. Data from CaLiBRA.
Not including the unascribed and Class tablets, only 32 tablets were written by identified hands.
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that geographical area in which that unique clay was used, or the other tablets were
originally inscribed by H23 and are palimpsests88.
H1, the “master scribe or archivist”89, has written at least one tablet that shows up
in each grouping. My research demonstrates that H1, author of 218 tablets, apparently
inscribed tablets from each of the 20 clay types, and this is not completely understood.
This compares to the above-mentioned H23, who wrote 38 tablets total in eight different
groupings, 27 of which were in one grouping (geographical area), and H14 who authored
25 tablets in six groupings. At least one of the twenty groupings could be considered the
palace. See Table 6.

Table 6

Scribal Hand Data

See Supplemental File 2

It has long been suspected that all scribes operated FROM the palace, but not all
scribes did their work AT the palace. Georgia Flouda writes that the scribes should not
be seen as static functionaries confined to the palaces, but may have been traveling
supervisors, inspectors, or tax collectors.90 And, “ … it cannot be suggested that they
[sealings] are the product of an administrator working exclusively inside the palace.”91
According to Evangelos Kyriakidis, “Concerning Pylos, the palace is not big enough to

88

Palimpsest – tablet in which the original writing has been erased and replaced with new writing.
Palaima et al, 1985:259.
90
Flouda, 2010:58.
91
Flouda, 2010:66.
89
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accommodate twenty six scribes … “.92 My work confirms that not all scribes operated
in the palace.

92

Kyriakidis, 1998:17.
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CHAPTER IX
LATE BRONZE AGE MYCENAEAN ECONOMY
Greek Bronze Age political economies have often been described as
“redistributive”. This is defined as “the movement of goods in and out of central sites
and palatial buildings”.93 The term “redistribution” is vague and misleading, because, as
Nakassis et al say, “… it subsumes so many different economic systems that it fails to
connote anything very meaningful about a specific case.”94 Continuing, we should be
considering not whether a culture is redistributive or not, but how it is redistributive and
how to focus on describing the systems within the economy of a given culture.95
One critical component of the Athenian market system can be traced to the
Bronze Age. Craft specialization is documented archaeologically and through new
readings of the Linear B tablets.96 In recent years, Galaty, Nakassis, and Parkinson have
redefined the influence of the Mycenaean palatial centers. Rather than being strong
rulers who controlled nearly every aspect of the economy, the palatial elite are
understood to have been statesmen directing specific elements of the palatial economy.
They gained political benefits from this.97

93

Nakassis, et al. 2011:177.
Nakassis, et al. 2011:180.
95
Nakassis, et al. 2011:180-181.
96
Shelmerdine, 2013:447.
97
Parkinson et al. 2013:413-414.
94
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It is suggested98 that Mycenaean palace administrators adopted a system of wealth
finance rather than staple (grain, livestock) finance, perhaps due to the logistics of
transportation and storage. Textual writing from the tablets themselves supports this
idea. The palace stored thousands of kaolinitic kylikes apparently used in ritual feasts
and/or for prestige gifting. Wine, oil, and perfumed oil were stored at the palace. Even
though all entries on the E series tablets conclude with the ideogram for wheat99, there is
not a single granary near the palace large enough for large-scale storage of staples.100
Shelmerdine agrees.101 Some material goods were stored at the redistributive
center (palace), while others were monitored there but did not actually travel through
there. Resources were then disbursed as payment or subsistence, distributed as raw
materials for further work, offered to priests/deities, etc. Since the palace dictated which
quantities of which materials were moved where, this type of economy has been called a
“command economy”.102 Managing the movement of these materials is “mobilization”
(whereby goods, particularly finely-crafted goods, flowed upward to support the elite)103,
and the broader terminology of the above is “redistribution”. The tablets only record the
movement of goods of interest to the palace. No doubt other economic activity took
place under the Bronze Age equivalent of radar, most notably trade of obsidian,
utilitarian ceramics, and bulk grains. There were segments of the economy in which the
palaces either ignored or were not heavily involved.104

98

Galaty 1999:9.
Killen, 2008:163.
100
Galaty 1999:7.
101
Shelmerdine, 2008a:291-292.
102
Killen, 2008:160.
103
Nakassis, et al. 2011:180.
104
Pullen, 2013:439.
99
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Continuing that line of thought, Robert Schon contends that the palace authorities
did not maintain full control of the economies of the regional districts. The Linear B
texts must be interpreted as attempts to maintain control – sometimes successful, often
not – rather than as reflections of absolute authority.105
We cannot lose sight of the possibility that the actual economic transactional
systems were complex. In addition to the Mycenaean palatial centers, second-order sites
were in control of smaller districts, and lesser settlements and individual agricultural
operations were within these districts.106 Sealings do not give the names of the districts,
and we do not know if the seal belonged to an official of one of the above levels of
administration, and if so, which, or if it belonged to a merchant.
Much research has been done on the economic system of Pylos, all based on the
records at our disposal – the Linear B tablets. As these are temporary records, we have
no insight into economic trends.107 Several theories have been put forth, and there is only
so much that can be known for certain. There is no evidence to suggest money was used
in the Mycenaean world.108 The palaces were deeply involved in some economic
activities, not so much in others.
Shelmerdine reiterates that the Linear B texts are written from the viewpoint of
the center of the economy, and record the activities of which the palace was primarily
concerned.109 This thesis attempts to contribute to the body of knowledge of LH III
Pylian economy, administration, and bureaucracy.

105

Schon, 2011:220.
Palaima, 2000:220.
107
Killen, 2008:162.
108
Killen, 2008:174.
109
Shelmerdine, 2008a:306.
106
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CHAPTER X
CONCLUSIONS
1.

Page-shaped tablets originated close to the palace; therefore the Archives
Complex was functionally the economic center of the Pylian polity.

2.

Sealings originated away from the palace and accompanied material goods
from their point of origin to the palace.

3.

An as-of-yet-undetermined number of the leaf-shaped tablets originated
away from the palace and accompanied material goods AND sealings (at
least in some instances) from their point of origin to the palace. This also
confirms that certain of the scribes were based away from the palace.
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CHAPTER XI
RECOMMENDATIONS FOR FUTURE WORK
T. G. Palaima, 1988, in The Scribes of Pylos, writes Chapter II about subjects
and findspots. Subjects of tablets and sealings can be placed into a hierarchy along with
findspots and the chemical composition.
Since Linear B writing has been found at Knossos and several locations on the
Peloponnese, does this mean that scribes traveled and taught the written language?
And/or were tablets and inscribed sealings taken to the other polities? These are good
reasons to examine Linear B tablets from all sites with the same pXRF instrument in
order to determine which tablets and sealings, if any, fall into the same cluster (meaning
same clay bed) and traveled great distances.
Hypothesis II can be expanded by identifying the materials to which the sealings
were attached. The table in Hypothesis III matches leaf-shaped tablets and sealings that
likely came from the same clay beds in outlying areas. Translations of these (travelling)
tablets may give useful clues.
The Megaron Tablets have been located in a hierarchical cluster within a small
grouping of tablets. One tablet (La 1393) has been questioned by C. Skelton as to its
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author (H13). My research110 proves that La 1393 does not fit the other tablets with
respect to clay source, and by default probably not to H13.111
Add fabrics and findspots into the spreadsheet. Fabrics are potentially related to
chemical composition.112
A further analysis should be made of the various groupings in each dendrogram
and discriminant analysis. Each grouping has chemical similarities that are for the first
time being discovered with this research. Determining the other common threads has the
potential of adding much to the body of knowledge of Late Bronze Age Pylos.

110

Galaty, in progress.
Skelton, 2010:120.
112
Joann Gulizio and Julie Hruby, in progress.
111
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